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3INTRODUCTION
 Profiting by the increasing availability of high intensity laser sources, laser 
shock processing (LSP) is being consolidating as an effective technology for 
the improvement of surface and mechanical properties of metallic alloys and is 
being developed as a practical process amenable to production engineering.
 The main acknowledged advantage of the laser shock processing technique 
consists on its capability of inducing a relatively deep compression residual 
stresses field into metallic alloy pieces allowing an improved mechanical 
behaviour, explicitly, the life improvement of the treated specimens against 
wear, crack growth and stress corrosion cracking in direct competence with 
other established technologies as, i.e. shot peening.
 After a description of the theoretical/computational and experimental methods 
developed by the authors for the predictive assessment and experimental 
implementation of LSP treatments, experimental results on the residual stress 
profiles and associated surface properties modification successfully reached in 
typical materials under different LSP irradiation conditions are presented.
 The highly beneficial effect of LSP treatments has been demonstrated in the 
evaluation of surface properties and extension of life of test specimens of 
different key materials (AISI 316L, Al2024-T351, Ti6Al4V).
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Ti6Al4V
30x20x10 mm3
Al2024-T351
30x20x8 mm3
900 pulses/cm2
1600 pulses/cm2
2500 pulses/cm2
5000 pulses/cm2
Reported Analysis
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Surface Roughness (Topographic Confocal microscopy): Al2024-T351
900 pulses/cm2 1600 pulses/cm2 2500 pulses/cm2
No
treatment
900
pulses/cm2
1600
pulses/cm2
2500
pulses/cm2
Pa (µm) 7.96 5.23 4.82 4.96
<∆z> ---- 10.30 20.00 26.82
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Microscopic material compactation: Al2024-T351
900 pulses/cm2 1600 pulses/cm2 2500 pulses/cm2
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Surface Roughness (Topographic Confocal microscopy): Ti6Al4V
900 pulses/cm2 2500 pulses/cm2 5000 pulses/cm2
No
treatment
900
pulses/cm2
1600
pulses/cm2
2500
pulses/cm2
Pa (µm) 9.98 3.62 3.87 3.87
<∆z> ---- 2.81 7.40 5.80
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Microscopic material compactation: Ti6Al4V
900 pulses/cm2 2500 pulses/cm2 5000 pulses/cm2
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Microhardness (HV)
Slight increase in microhardness in Al2024-T351
Higher for higher LSP treatement intensity
No apparent hardening effect in Ti6Al4V.
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Wear resistance (According to ASTM G99-04) 
Slight wear improvement in 
Al2024-T351 at low loads
Al2024-T351
Considerable wear improvement in 
Al2024-T351 at moderate loads
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Wear resistance (According to ASTM G99-04) 
Slight negative wear impact in 
Ti6Al4V at low loads
Ti6Al4V
Inappreciable wear improvement in 
Ti6Al4V at moderate loads
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EA-XX-062RE-120CEA-XX-062UM-120
Residual Stresses Measurement Equipment (According to ASTM E837-08)
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Residual Stresses (According to ASTM E837-08)
Al2024-T351 Ti6Al4V
Relatively broad difference between 
Smax and Smin in Al2024-T351
Relatively small difference between 
Smax and Smin in Ti6Al4V
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Residual Stresses (According to ASTM E837-08)
Ti6Al4V: Comparison LSP-Shot Peening
Substantial improvement in Residual Stresses 
Field in Ti6Al4V vs. to Shot Peening
Decisive improvement in protected depth reached in 
Ti6Al4V for different irradiation intensities
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Fatigue Life enhancement of AISI 316L specimens
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Experimental setup LSP CLUPM
900 pulses/cm2
1600 pulses/cm2
900 pulses/cm2 +       
Heat treat.: 500 ˚C, 8h
Process parameters
Wavelength (nm) 1064
Frecuency (Hz) 10
Energy (J/pulse) 2.0
Pulse width (ns) ~ 9
Spot diameter (mm) ~ 1.5
Overlapping (pulses/cm2)
900
1600
Confining medium Water jet
Absorbent coating No
1600 pulses/cm2 +       
Heat treat.: 500 ˚C, 8h
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Residual Stresses:
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Fatigue Tests:
150
160
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230
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250
260
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280
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300
100000 1000000
 
 
 Base material
 LSP 900
 LSP 1600
Cycles to failure
S a
 (M
Pa
)
LogN=16.33764-4.79302LogSa
R2=0.99760
LogN=22.51020-7.35620LogSa
R2=0.98967
LogN=21.09071-0.01178Sa
R2=0.87937
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Fatigue Tests:
150
200
250
300
100000 1000000
Steel AISI 316L, 1600 pulses/cm2, λ = 1064 nm
2.8 J/pulse, spot diameter = 1,5 mm, water jet, no paint
Pristine AISI 316L
 LSP 1600
 LSP 1600 + Thermal Aging
Log N=24.55449-8.1898Log Sa
R2=0.84671
 
 
N (Cycles to failure)
S a
 (M
Pa
)
Log N=16.33764-4.79302Log Sa
R2=0.99760
Log N=20.45691-6.45103Log Sa
R2=0.89350
 
150
200
250
300
100000 1000000
 Pristine AISI 316L
 LSP 900
 LSP 900 + Thermal Aging
 
N (Cycles to failure)
S a
 (M
Pa
)
Log N=16.33764-4.79302LogSa
R2=0.99760
Log N=22.51020-7.35620LogSa
R2=0.98967
Log N=19.9092-6.27327LogSa
R2=0.92514
Steel AISI 316L, 900 pulses/cm2, λ = 1064 nm
2.8 J/pulse, spot diameter = 1,5 mm, water jet, no paint
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DISCUSSION AND OUTLOOK
Problem
Solution
A typical prospective LSP application to welding technology
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 Important surface resistance and life cycle extension improvements in critical 
high reliability components by LSP have been experimentally demonstrated. The 
associate predictive assessment capabilities needed for adequate process 
design have also been developed and used for theoretical-experimental 
contrast.
 In view of the important improvements reached in wear behaviour, surface 
roughness (precursor of improved corrosion resistance) and fatigue life (all of 
them resulting from the deep compressive residual stresses fields introduced by 
the process), the LSP technique has to be recognized as a key technology for 
the enhancement of materials and systems durability and reliability.
 Important technological implementations of LSP in the aerospace, automotive, 
nuclear and biomedical sectors are under course, anticipating relevant 
improvements in service reliability and in material preservation and (eco-
friendly) efficient use. 
 However, despite the availability of the LSP technique at laboratory level, 
practical developments at industrial level still need to be further accomplished.
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Material:   Al2024 T3
Pulses: ∅=1,5 mm; τ=10 ns; f=10 Hz; 
E=1 J/pulse; I=1,41 GW/cm2
Swept Area : 15x15 mm2; 2500 pulses/cm2
Air Water
EXPERIMENTAL RESULTS
